Abstract. A model has been constructed for the microstructural evolution that occurs during the annealing of aluminum alloys. Geometric and crystallographic observations from two orthogonal sections through a polycrystal using automated Electron Back-Scatter Diffraction (EBSD) were used as an input to the computer simulations to create a statistically representative threedimensional model. The microstructure is generated using a voxel-based tessellation technique. Assignment of orientations to the grains is controlled to ensure that both texture and nearest neighbor relationships match the observed distributions. The microstructures thus obtained are allowed to evolve using a Monte-Carlo simulation. Anisotropic grain boundary properties are used in the simulations. Nucleation is done in accordance with experimental observations on the likelihood of occurrences in particular neighborhoods. We will present the effect of temperature on the model predictions.
Introduction
All most all man made and naturally occurring materials have preferred crystallographic orientation or texture. The thermo-mechanical properties of materials are dependent on the anisotropy in the materials introduced due to the anisotropy in the orientation of the grains comprising the microstructure. The distribution of texture in the recrystallized microstructure is governed by the conditions present during recrystallization. One of these factors responsible for the recrystallized texture is the recrystallizing temperature. This paper presents a study of the effect of recrystallizing temperature on the texture. The process of recrystallization is simulated using Monte-Carlo simulations. The Monte-Carlo simulations provide with a straightforward access to the grain boundary properties. The effect of temperature is introduced through the change in grain boundary properties due to change in recrystallization temperature.
Setup
Microstructure. As stated earlier Monte-Carlo simulations are performed to simulate the process of recrystallization. The first step up for setting up the simulations is to generate a microstructure. This is achieved by using a set of tools called Microstructure Builder [1] . Which uses input from experimental observations in the form of Electron Backscatter Diffraction (EBSD) maps. The EBSD maps contain information about the geometry, shape and size distributions, and crystallographic orientations of grains. Using the geometry information a 3 dimensional model microstructure is constructed. Crystallographic orientation information is then added to this microstructure so as to match the orientation and the misorientation distribution functions as measured from the EBSD data [2] . Grain Boundary properties. Anisotropic grain boundary properties were used for the simulations that shall be described here briefly. The low angle grain boundaries, having boundary misorientation less than 15°, were assumed to have low mobility (~ 0.001*max mobility) while the high angle grain boundaries (other than special boundaries) were assumed to have a mobility ~ 0.01*max mobility. This is in accordance with various studies on grain boundary mobility encompassing both experimental observations and computer simulations [3, 5] . The grain boundary energy is assumed to have a Read-Shockley type behavior for boundaries with misorientation less than 15° while high angle boundaries (other than some special boundaries) were assumed to have the same value for grain boundary energy (max Energy). As indicated earlier few special boundaries are considered separately. These are for cusps in grain boundary energy Σ13b, 27.8° <111>, Σ7, 38.2° <111>, Σ19b, 46.8° <111> and Σ3, 60.0° <111>. While Σ37, 19.0° <100>, Σ7, 38.2° <111> and Σ19b, 46.8° <111>, are assigned to have peaks in grain boundary mobility. Figure  1 shows the grain boundary properties used in these set of simulations. Monte-Carlo Simulations. The microstructure thus generated is used to instantiate simulations of recrystallization using the Monte-Carlo method. The total system energy at a given time (MonteCarlo time) is given by
Where, E is the system energy, the first summation is over the total number of orientations, grains, in the microstructure, the second summation is over nearest neighbors, 26 in this case, γ(S i , S j ) is the interaction energy between different orientations (grain boundary energy) and F(S j ) is used to introduce stored energy as function of grain orientation in the system. The probability of a particular boundary voxel to change its orientation to the orientation of the neighboring grain, there by constituting grain boundary migration, is given by
Where, µ(S i ,S j ) is the mobility of the grain boundary between grain i and grain j and γ max and µ max are the maximum grain boundary energy and mobility respectively. Site saturated nucleation is assumed and the nuclei are added so as to closely match the experimentally observed correlation between the nucleus and the matrix texture [1] . The system is then let to evolve till entire microstructure volume is recrystallized.
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Effect of Temperature
The effect of temperature is indirectly introduced in to the simulations. As shown by various researchers [3, 4] the recrystallization temperature has a strong effect on grain boundary properties.
Here only the effect of temperature on grain boundary mobility will be considered (as it has been shown previously that grain boundary mobility has an bigger impact than grain boundary energy on the texture evolution during recrystallization [6] ). Experimental observations both on bicrystal [3] and polycrystalline [4] systems show that at higher temperatures all high angle grain boundaries have the same grain boundary mobility. Figure 2 shows the variation in the grain boundary mobility with temperature. A factor, T/T c , is used to introduce the effect of temperature in the simulations. A value for T/T c of 1 implies full effect of temperature on the grain boundary mobility whereas a value of 0 implies no effect of temperature. T c is the critical (compensation) temperature at which all high angle boundaries have the same value for mobility. As can be seen from the Figure 2 by changing the T/T c value one can get different mobility profiles. At low temperatures, equivalent to T/T c close to zero, one can see maximum effect of anisotropy due to the special boundaries. As the value of T/T c increases the level of anisotropy, in high angle grain boundaries as a function of grain boundary misorientation, decreases. As T/T c reaches the value of 1 all the high angle boundaries have the same mobility. 
Results
Using the approach described above, various simulations were run for different values of T/T c viz. 0, 0.5, 0.8, 0.9 and 1.0 respectively. The values were chosen so as to sample various levels of anisotropy, which are representative of variation in the grain boundary mobility as a function of temperature. Figure 3 shows the evolution of recrystallized volume fraction with time. A value of 1 for recrystallized volume fraction in a microstructure implies a completely recrystallized microstructure. The X-axis, depicting time, has a maximum value 1 which is equivalent to the time required for recrystallization. All the simulation times, in Monte-Carlo time steps (MCS), have been appropriately scaled. This time scaling permits comparison of the kinetics of recrystallization for the different simulation conditions. Figure 3 shows that in all the cases studied here the kinetics are similar. Figure 4 shows volume fraction of Cube component in the fully recrystallized Discussion Figure 3 shows that kinetics in all the cases considered are extremely similar. Though no quantitative measurement of kinetics, JMAK exponent for example, is done it is evident from the figure that any such calculation would indicate closeness of the kinetics. This would imply that value of temperature has a very small, if any at all, impact on recrystallization kinetics. Although the total time required for the process of recrystallization to be complete will certainly change with temperature. Figure 4 shows the final volume fraction of Cube component upon recrystallization. Only the Cube component is shown, as it is one of the important recrystallized texture components. Also the objective of the study is to investigate the effect of temperature on the recrystallized temperature. The absence of high mobility advantage to the Cube oriented growing nucleus with some of the rolling texture components can be the reason of the lower volume fraction for the T/T c case. It has been shown [6] that cube nuclei preferential grow along the Cube-S component grin boundary.
Cube and S component also have a special orientation relationship, which is very close to Σ7-boundary type. At elevated temperatures, close to compensation temperatures (T c ), the mobility advantage of the Σ7-boundary is absent. As a result the Cube grains would grow at a slower rate than in the case where Σ7-boundary has a high mobility. This initial advantage being absent is reflected in the lower value of the volume fraction of Cube component after recrystallization is complete. Figure 4 Depicting the change in the final volume fraction of cube texture component as a function of recrystallization temperature
Conclusions
Recrystallization temperature affects the grain boundary properties by reducing the anisotropy associated with certain special high angle boundaries. This in turn affects the special orientation relationships between existing between Cube oriented grains, growing from recrystallization nuclei, and the deformed S oriented grains. The loss of this growth advantage contributes to the lower volume fraction of Cube component in the final recrystallized microstructure.
